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Sunday, February 8, 2015 157aconsist of a 2D grid of energy corrections in (Phi,Psi) space. The resulting
parameter set is validated against experimental data on relevant peptides.
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We present a generic solvated coarse-grained protein model that can be used to
characterize the driving forces behind protein folding. Each amino acid is
coarse-grained with two beads, a backbone and side-chain. While the backbone
beads are modeled as polar entities, side-chains are either hydrophobic, polar or
charged, thus allowing the exploration of how sequence patterning determines a
protein fold. The change in orientation of the atoms of the coarse-grained unit is
captured by the addition of two oppositely charged dummy particles inside back-
bone coarse-grained bead. These two dummy charges represent a dipole which
can fluctuate thus introducing structural polarization into the coarse-grained
model. Realistic alpha/beta content is achieved de novo without any biases in
the force-field toward a particular secondary structure The dipoles created by
the dummy particles interact with each other and drive the protein models to
fold into unique structures depending on the amino acid patterning and presence
of capping residues. We will present the role of dipole-dipole and dipole-charge
interactions in shaping secondary and supersecondary structure of proteins. Since
dipole interactions are influenced by the dielectric environment, themodel is sen-
sitive to the nature of the environment (low or high dielectric). Results on how
changes in dielectric can tune the emergence of different folds will be presented.
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Conformational sampling of complex molecular systems is always a challenge
in computer simulations. To tackle this problem, a range of enhanced sampling
methods have been developed. However, each method typically only shows
distinct advantages in specific systems. Therefore, new approaches aim to
combine the complementarity of different enhanced sampling algorithms to
achieve a better performance. In this study, we propose a new algorithm
to combine the advantages of two Hamiltonian replica exchange methods de-
signed to improve sampling of specific degrees of freedom using biasing
potentials and of global conformational properties, including solute-solvent in-
teractions via solute tempering.1-2 The new method produces improved sam-
pling for polysaccharides with coupled linkages, including branch points.
The method is applied to N-glycans found on the HIV gp120 envelope protein
that show potential application in the design of HIV vaccines.
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The task of protein structure prediction is computationally demanding, partic-
ularly for intrinsically disordered proteins (IDPs), which by definition lack a
well-defined folded structure. IDPs include amyloidogenic proteins associated
with human disease, such as Alzheimer’s and Parkinson’s diseases, which are
known to be critically involved in the corresponding pathologies. For most pro-
tein and peptide sequences with significantly more than 100 amino acids, it is
not yet possible to examine the details of the folding landscape by fully atom-
istic molecular dynamics (MD) in explicit solvent. This problem can be solved
through a two-stage MD, first exploring the protein dynamics using coarse-
grain (CG) protein models to sample the phase space at a diminished compu-tational effort and second by using a wide range of CG structures converted
into fully atomistic representation as initial conformations for all-atom MD
in explicit solvent. We here use the four-bead protein model in combination
with discrete molecular dynamics (DMD), known as DMD4B-HYDRA force
field, which has been previously successfully applied to studies of amyloid
b-protein folding and assembly, to examine protein folding dynamics of five
proteins with known native structures. We elucidate both the ability of
DMD4B-HYDRA force field to capture the folded structure of these proteins
and aspects that are less well reproduced by the current force field. We then
demonstrate that the follow-up all-atom MD dynamics compensates for struc-
ture prediction difficulties of the DMD4B-HYDRA force field itself and pro-
vides feedback to be used in the future DMD4B-HYDRA force field
development. Our preliminary results thus confirm that DMD4B-HYDRA
combined with fully atomistic MD in explicit solvent presents a powerful
computational approach to studying IDPs and elucidate structural dynamics
of a broad range of amyloidogenic proteins.
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G-quadruplex DNA nanostructures have possible applications as biosensors
[1]. These molecules are present in biological systems and their physical and
chemical properties makes them a useful tool for the assembly of nanostruc-
tures that could perform complex and specialized functions. For example, there
are structures based on these materials named aptamers capable of specific
attachment to a substrate. These molecules are generated using artificial selec-
tion in which from a set of initial random structures, those with the greatest
affinity and selectivity are selected and later enriched by PCR. This process
could however be improved if an engineering of the structures for the initial
set results from a computer aided design. A possible way to accomplish this
could be based on results derived from molecular dynamics simulation
[2, 3]. To this end, this paper studies the reliability of simulating these struc-
tures with one of the most widely used force fields for nucleic acids, CHARMM
27 as implemented in NAMD. As a validation set we used a group of experi-
mentally derived structures (crystallography or NMR methods) specifically tet-
ramolecular parallel G-quadruplexes. For this work the preparation of the
models and data analysis was performed with VMD visualization package.
Here, we report first the validation of the topology for the simulations as
well as certain key indicators of convergence for the minimization phases
and the correct equilibration for the molecular dynamics part as well as other
structural descriptors. Comparison with suitable experimental values derived
mainly from NMR and Crystallography were used as reference.
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Motivation: One of the most essential properties of all living organisms is the
ability to conduct comprehensive ‘‘communication’’ between its individual com-
ponents. At the molecular level, the communications are achieved via macromo-
lecular binding. The corresponding protein complexes are involved in diverse
processes including information transfer, immune system operation, inhibition
or activation of particular functions, assembly of macromolecular structures
into molecular machines, and much more. Any disruption of the biologically
essential network (for example, due to protein missense mutations) may lead to
pathological conditions resulting in diseases. Thus, the ability to model protein-
protein interactions is essential for a wide range of biomedical applications.
Results: Here we report a new webserver, SAMBE (Single Amino acid Muta-
tion related change of Binding Energy) webserver, which addresses the demand
for computational tools of predicting the effect of single amino acid substitution
on the binding free energy of protein complexes. It is based on the fast modified
MM-PBSA protocol that is successfully tested and optimized for more than
thousand experimental data points. The SAMBE is intuitive and easy to use
